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Edited by Richard CogdellAbstract A cDNA encoding a C20 D8-desaturase was isolated
from the free-living soil amoeba, Acanthamoeba castellanii and
functionally characterised by heterologous expression. The open
reading frame of the A. castellanii C20 D8-desaturase showed
similarity to other microsomal front-end desaturases, but the
N-terminal domain contained a variant form of the conserved
heme-binding motif in which H-P-G-G is replaced by H-P-A-
G. Co-expression of the A. castellani D8-desaturase with the
Isochrysis galbana D9-elongase in transgenic Arabidopsis plants
conﬁrmed the activity observed in yeast and its role in the alter-
native pathway for C20 polyunsaturated fatty acid synthesis.
Acyl-CoA proﬁles of these transgenic plants revealed an unex-
pected accumulation of C20 fatty acids in the acyl-CoA pool.
This is the ﬁrst report of an alternative pathway C20 D8-desatur-
ase from a non-photosynthetic organism, and also the ﬁrst report
of a front-end desaturase lacking the canonical cytochrome b5
domain.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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castellanii1. Introduction
Long chain polyunsaturated fatty acids (LC-PUFAs) such
as arachidonic acid (20:4, n  6; ARA) and eicosapentaenoic
acid (20:5, n  3; EPA) are synthesised by alternating desatu-
ration and elongation reactions [1]. Typically, the substrates
linoleic acid (18:2, n  6; LA) and a-linolenic acid (18:3,
n  3; ALA) are sequentially subject to D6-desaturation, C2-
D6-elongation and D5-desaturation to give the ﬁnal products
ARA and EPA [1,2]. This D6-desaturase/elongase system ap-
pears to be the predominant biosynthetic pathway for these
LC-PUFAs in a wide range of organisms from microalgae to
mammals. However, a few (equally diverse) organisms have
been reported to possess an ‘‘alternative’’ pathway, in which
the substrates LA and ALA are initially elongated by a speciﬁc
D9-elongase to yield 20:2, n  6 and 20:3, n  3 [3,4]. These*Corresponding author. Fax: +44 1582 763010.
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doi:10.1016/j.febslet.2006.02.062products then undergo D8-desaturation, producing substrates
for ‘‘conventional’’ D5-desaturation.
Enzymatic activities associated with the alternative D9-elong-
ase/D8-desaturase have been reported in a number of unicellular
organisms, including the aquatic protist Euglena gracilis [5], the
free-living soil amoeba Acanthamoeba castellanii [6] and the cil-
iated protozoanTetrahymena pyriformis [7]. The presence of this
pathway has also been reported in several mammalian tissues,
notably the testes of rat and human [8,9]. However, these latter
observations have been questioned by Sprecher and colleagues,
who were unable to detect the synthesis of D8-desaturated fatty
acids inmicrosomes from rat liver or testes [10].While the status
of C20 D8-desaturase activity in mammalian tissues remained
unresolved, the cloning and functional characterisation of a
C20 D8-desaturase from Euglena [11] provided clear evidence
as to the existence of this speciﬁc enzymatic activity, at least in
unicellular organisms. Further evidence for this pathway was
provided by the serendipitous isolation of a C18 D9-elongase
from Isochrysis galbana [12], indicating the presence of the alter-
native pathway in this aquatic microbe too.
Growing awareness that LC-PUFAs play an important role
in human health and nutrition has recently prompted consider-
able eﬀort towards the metabolic engineering of transgenic
plants to provide a sustainable alternative source of LC-PU-
FAs [1,4,13]. These studies have resulted in the cloning and
characterisation of the front-end desaturases involved in the
biosynthesis of ARA, EPA and docosahexaenoic acid (22:6,
n  3; DHA) [14]. These include the D6, D5 and D8 desaturases
mentioned above, and the D4-desaturase responsible for the
conversion of docosapentaenoic acid (22:5, n  3; DPA) to
DHA. All these LC-PUFA ‘‘front-end’’ desaturases are mem-
bers of the cytochrome b5 fusion superfamily, containing an N-
terminal cytochrome b5 domain with an absolutely conserved
heme-binding motif (H-P-G-G) which has been shown to be
necessary for enzyme activity [14,15]. Currently, no examples
of microsomal LC-PUFA front-end desaturases lacking this
domain have been reported.
As part of our on-going studies, we have sought new enzyme
activities withwhich to reverse-engineer LC-PUFAbiosynthesis
into transgenic plants. Here, we describe the isolation and char-
acterisation of aC20D8-desaturase fromA. castellanii. The poly-
peptide sequence of this ORF contains a variant, non-consensus
form of the heme-binding motif of the cytochrome b5 domain.
Expression of this open reading frame (ORF) in transgenic yeast
and plants conﬁrmed it as a C20 D8-desaturase.blished by Elsevier B.V. All rights reserved.
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2.1. Growth and harvesting of A. castellanii
A. castellanii cells were grown at 30 C in medium containing 0.75%
(w/v) peptone, 1.5% (w/v) glucose and 0.75% (w/v) yeast extract
according to [16] and were kindly provided by Professor David Lloyd,
University of Cardiﬀ.
2.2. Nucleic acid manipulation and PCR-based cloning
Total RNA was extracted from cells using the RNeasy plant mini
system (Qiagen). First strand cDNA was synthesised from total
RNA using the SMART RACE cDNA Ampliﬁcation kit (BD-Clon-
tech, UK) according to the manufacturer’s instructions. Single-
stranded cDNA was used as a template for PCR ampliﬁcation with
degenerate primers designed to known conserved hisitidine box se-
quences in front-end desaturases (Table 1) as previously described
[17]. The 5 0- and 3 0-ends of putative desaturases were ampliﬁed with
the SMART RACE cDNA Ampliﬁcation kit (BD-Clontech). PCR
ampliﬁcation products were cloned into pCR2.1-TOPO vector (Invit-
rogen) and veriﬁed by sequencing.
The derived 5 0- and/or 3 0 cDNA sequences were used to amplify a
full-length ORF of the putative desaturase. Gene-speciﬁc primers were
designed to the 5 0 and 3 0 ends of the coding regions of the correspond-
ing nucleotide sequences, with restriction sites to facilitate cloning into
the yeast and plant vectors (Table 1). Forward primers for cloning into
the yeast expression vector pYES2 (Invitrogen) were designed to con-
tain a G/A at position 3 and a G at position +4 to improve transla-
tion initiation in eukaryotic cells.
2.3. Site-directed mutagenesis of Ala44 to Gly
Site-directed mutagenesis was performed using a Quikchange site-
directed mutagenesis kit (Stratagene). The coding region of pYAcDes8
cDNA was mutated using two synthetic oligonucleotide primers con-
taining the desired mutation (Table 1).
2.4. Functional expression in yeast
ORFs encoding putative desaturation activities were introduced in
Saccharomyces cerevisiae strain W303-1A by the lithium acetate meth-
od, as previously described [17]. Cultures were grown at 22 C in the
presence of 2% (v/v) raﬃnose and expression of the transgenes was in-
duced by the addition of galactose to 2% (w/v) in the presence of po-
tential fatty acid substrates at 0.5 mM and 1% (w/v) tergitol-Nonidet
P-40 (Sigma) as previously described [17].Table 1
Sequence of PCR primers used in this study
Degenerate primers.
5 0-GGITGG(C/T/A)TIGGICA(T/C) GA(T/C)(GT) (CT)I(GT)
(GC)ICA-30
To amino acid sequence: G-W-L-G-H-D-(A/F) G-H;
5 0-GG(A/G)AA(TCGA)AG(A/G)TG(A/G)TG(T/C)TC(A/G/T)
AT(T/C)TG-30
To amino acid sequence: Q-I-E-H-H-L-F-P
Primers used in 5 0- and 30-RACE experiments.
5 0-ATCACGTCGAGACCAACCTGTGCCT-30;
5 0-GTTCCTGCTCTCCGAGTGGACCTGC-30
5 0-GAGGTGGTGCTCGATCTGAAGGTTG-30
5 0-ACAGCCAGGAGTCGGCAGAGTAG-3 0
Yeast expression.
Ac8KpnF 50-GGTACCATGGTCCTCACAACCCCGGCCCTC-30
Ac8SacR 5 0-GGAGCTCTCAGTTCTCAGCACCCATCTTC-30
Expression in plants.
Ac8BamF 50-GGATCCAGGATGGTCCTCACAACCCCGGCCCTC-30
Ac8XbaR 50-GGTCTAGATCAGTTCTCAGCACCCATCTTC-30
Primers used to construct site-directed mutant of pYAcD8:
Ac8M1f 50-CAAGTACCACCCGGGCGGCAGCAGGGCCA-3 0
Ac8M1r 5 0-TGGCCCTGCTGCCGCCCGGGTGGTACTTG-30
Restriction sites used for cloning are shown in bold.2.5. Plant transformation
The A. castellanii D8-desaturase coding region was inserted as a
KpnI–XbaI fragment into the CaMV 35S promoter-nos terminator cas-
sette of pBIN19-35S, and the recombinant binary plasmid was trans-
ferred to A. tumefaciens strain GV3101 by electroporation. A.
tumefaciens-mediated transformation was used to transfer the A. cas-
tellanii D8-desaturase gene into wild-type (Col 0) Arabidopsis or trans-
genic line CA1-9 expressing the I. galbana elongating activity, IgASE1
[12,18,19]. Seeds from dipped plants were spread on Murashige and
Skoog medium containing 50 lg ml1 kanamycin.
2.6. Fatty acid analysis
Fatty acids were extracted and methylated as described [17]. Total
fatty acids were analysed by gas chromatography (GC) of methyl ester
derivatives, and identities conﬁrmed by GC–MS and co-migration with
authentic standards.
2.7. Acyl-CoA proﬁling
Fifteen-milligram portions of leaf material were frozen in liquid
nitrogen and extracted for subsequent quantitative analysis of ﬂuores-
cent acyl-etheno-CoA derivatives by HPLC (Agilent 1100 LC system;
Phenomenex LUNA 150 · 2 mm C18(2) column) using the methodol-
ogy and gradient conditions as described previously [20].3. Results
The synthesis and accumulation of LC-PUFAs such as ARA
have previously been described in A. castellanii, as has the
presence of the so-called alternative D9 elongation/D8 desatu-
ration pathway. To isolate cDNAs which might encode the
C20 D8-desaturase, degenerate PCR primers designed to con-
served histidine box motifs present in acyl desaturases were
used to amplify sequences from A. castellanii cDNA. Resulting
ampliﬁcation products were cloned and sequenced. Clones
showing homology to known front-end desaturases were used
as templates for the design of primers for 3 0 and 5 0 RACE, to
amplify the terminal regions of transcripts. Once a putative full
length ORF had been identiﬁed from overlapping 3 0 and 5 0
RACE products, primers were designed to allow its ampliﬁca-
tion and cloning into pYES2 for subsequent sequencing and
functional characterisation in yeast. One particular ampliﬁca-
tion product, designated Ac8, showed low but signiﬁcant
homology to known front-end desaturases, including the pres-
ence of three histidine boxes, the third of which contained the
glutamine for histidine substitution found in all PUFA desat-
urases [14,15] (Fig. 1A). The entire ORF of Ac8 consisted of
457 residues, and was remarkable for the absence of a consen-
sus heme-binding domain in the N-terminal region. In place of
the canonical H-P-G-G motif, the A. castellanii ORF has H-P-
A-G as a result of an alanine for glycine substitution in the
coding sequence.
A search of the GenBank database with the Ac8 deduced
amino acid sequence identiﬁed similarity with a number of
previously characterised ‘‘front-end’’ desaturases (Fig. 1A). A
related partial desaturase sequence (Blast score 103, 5e21)
was detected in genomic sequence survey data of A. castellanii
generated by TIGR (www.tigr.org), but the actual homologous
gene corresponding to Ac8 was not represented in this genomic
sub-sample of 7.5 Mb. It was not possible to assign any par-
ticular enzyme activity to Ac8 on the basis of sequence similar-
ity alone. A phylogenetic tree containing over 40 functionally
characterised front-end desaturases was also constructed, with
a view to placing Ac8 within a particular branch: similar ap-
proaches have been successfully taken by Sperling et al. [15]
Fig. 1A. Comparison of the deduced amino acid sequence of A. castellanii desaturase Ac8 with the most closely related sequences in GenBank. PiD5,
Pythium irregulare D5-desaturase (AF419297); EgD4, E. gracilis D4 fatty acid desaturase (AY278558); EgD8, E. gracilis D8 fatty acid desaturase
(AF139720); DdD5, Dictyostelium discoideum FadA gene for D5-fatty acid desaturase (AB029311).
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However, as can be seen in Fig. 1B, the sequence of Ac8 does
not fall within any particularly well-deﬁned sub-group (as isFig. 1B. Phylogenetic tree representing the distribution of front-end desatura
in the text. The cluster formed by the higher plant cytochrome b5 fusion desa
study is highlighted in bold. Notation is based on the binomial name and dclearly seen with the higher plant cytochrome b5-fusion desatu-
rases), even with the inclusion of the C20 D8-desaturase from
Euglena and two putative front-end desaturases from Tetrahy-ses. Adapted from Sperling et al. [15] to include the sequences described
turases is circled, and the A. castellanii Ac8 desaturase described in this
esaturase activity: i.e. EgD4, E. gracilis D4-desaturase.
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Fig. 2. Heterologous expression of A. castellanii desaturase Ac8 in
yeast. The expression of Ac8 ORF in yeast conﬁrms the enzyme
activity as C20 D8-desaturase. Cultures were grown in the presence of
substrates for C20 D8-desaturation (20:2, n  6 (A,B) or 20:3, n  3
(C,D)) as indicated. Expression of the Ac8 desaturase was induced by
the presence of galactose in the growth medium (B,D). Total yeast
fatty acids were methylated and analysed by GC to reveal the presence
of additional fatty acids which corresponded to 20:3, n  6 and 20:4,
n  3 (arrowed) (B,D).
Table 2
Percentage of substrate converted by either Ala44 (Ac8) or Gly44
(Ac8M) cytochrome b5 domain versions of A. castellanii D8-desaturase
when expressed in yeast: values are mol% of total fatty acids, ±S.D
(n = 3)
Substrate 20:2, n  6 20:3, n  3
Ac8 (H-P-A-G) 15.2 ± 0.9 17.5 ± 2.0
Ac8M (H-P-G-G) 30 ± 3.2 17.2 ± 1.9
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organism; http://www.tigr.org/tdb/e2k1/ttg/). Therefore, in sil-
ico analysis was not suﬃcient to infer the enzyme activity of this
A. castellanii putative front-end desaturase.
Given that A. castellanii has been shown to synthesise ARA
by the sequential D8- and D5-desaturation of 20:2, n  6, Ac8
was expressed in yeast and its ability to perform either of these
reactions was examined. Fig. 2B shows that galactose-induced
expression of the Ac8 desaturase ORF in the presence of exog-
enous 20:2, n  6 substrate resulted in an additional peak in
the GC trace of fatty acid methyl esters (FAMEs) (cf.
Fig. 2A). This additional peak co-migrated with the authentic
standard for 20:3 n  6 (di-homo-c-linolenic acid) (data not
shown) and also had the correct predicted mass for this methyl
ester product (m/z 306). Additionally, we observed that the
desaturase activity encoded by the A. castellanii Ac8 sequence
was also capable of using n  3 substrates, since exogenous
20:3, n  3 was desaturated to 20:4, n  3 (m/z 304) (Fig. 2C
and D), whereas exogenous 20:3D8,11,14 (n  6) was not a sub-
strate for Ac8 (data not shown). On the basis of these data, it
was concluded that Ac8 represented a C20 D8-desaturase,
responsible for the ﬁrst desaturation reaction in the alternative
pathway for LC-PUFA biosynthesis.
Given that the deduced amino acid sequence of Ac8 contains
a variant H-P-A-G cytochrome b5 motif, the non-consensus
alanine44 was converted to glycine by site-directed mutagene-
sis, and the resulting ORF (designated as Ac8M) also tested
in yeast. As can be seen from Table 2, when compared with
the activity of Ac8 towards 20:2, n  6 and 20:3, n  3 sub-
strates, Ac8M displayed an enhanced (twofold) activity to-
wards 20:2 (n  6), but showed no alteration in activity
towards 20:3 (n  3).
Having identiﬁed a new LC-PUFA D8-desaturase and func-
tionally characterised it in yeast, the activity of this enzyme
was additionally tested in transgenic plants. Previously, we
have observed that the alternative pathway for LC-PUFA bio-
synthesis was an eﬀective route for the transgenic synthesis of
ARA and EPA in Arabidopsis thaliana [19]. The previously de-
scribed Arabidopsis CA1-9 line (generated in pCB302-3 to con-
fer BASTA resistance) expressing the I. galbana D9-elongase
[18] was super-transformed with the Ac8 D8-desaturase. It
was observed that the levels of elongation of LA (n  6) and
ALA (n  3) to 20:2 (n  6) and 20:3 (n  3) in our subsequent
generations of CA1-9 were somewhat reduced compared to
those observed in earlier generations, possibly as a result of
partial transgene silencing. Nevertheless, the activity of the
Isochrysis D9-elongase in CA1-9 still resulted in easily detect-
able levels of 20:2, n  6 and 20:3, n  3.
Transformation of the BASTA-resistant CA1-9 line resulted
in transgenic plants which were also resistant to kanamycin,
constitutively expressing both the Isochrysis D9-elongase and
the A. castellanii D8 desaturase. Analysis of the fatty acids of
leaf tissue from these super-transformed lines indicated the
presence of four peaks which co-migrated with known stan-
dards for C20 PUFAs (Fig. 3). In particular, the in vivo elon-
gation products of the Isochrysis D9-elongase, 20:2, n  6 and
20:3, n  3 were desaturated to 20:3, n  6 (DHGLA) and
20:4, n  3, as had previously been observed with exogenous
substrates in yeast. This conﬁrmed the speciﬁcity of the A. cas-
tellanii Ac8 as a C20 D8-desaturase, since no other desaturation
products were seen in these super-transformed Arabidopsis
plants. The D8-desaturation of n  6 substrates was slightly.
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Fig. 3. Expression of Ac8 D8-desaturase in transgenic Arabidopsis line
CA1-9 co-expressing the Isochrysis D9-elongase. Total fatty acid
methyl esters derived from leaf tissue of either wildtype Arabidopsis
(A), D9 elongase line CA1-9 (B) or super-transformed line CA1-
9 + Ac8 (C) were analysed by GC. This revealed the presence of C20
elongation products (marked with a star) in lines containing the D9-
elongase (B,C), derived from the elongation of endogenous 18:2 (n  6)
and 18:3 (n  3) (A). Additional D8-desaturation of these elongation
products in plants co-expressing the A. castellanii D8-desaturase is
indicated with solid arrows (C).
1950 O. Sayanova et al. / FEBS Letters 580 (2006) 1946–1952more eﬃcient than that observed for n  3 (77% versus 52%),
with the products accumulating to 4% and 3.5% of total fatty
acids, respectively.
In view of the considerable interest in the synthesis of LC-
PUFAs in transgenic plants, and the associated need to opti-
mise the transgene-derived activity of this pathway, the
super-transformed Isochrysis D9-elongase + Ac8 D8-desatur-
ase plants were subjected to acyl-CoA proﬁling. Similar anal-
ysis was also carried out on WT Arabidopsis and the
parental Isochrysis D9-elongase line CA1-9. By using this ap-
proach, it was hoped to gain further insights into the substrates
of the Ac8 D8-desaturase, in particular to determine if this en-
zyme utilised glycerolipids or acyl-CoA substrates (a major
factor determining the eﬃciency of transgenic PUFA desatura-
tion) [2,3,13]. As can be seen in Fig. 4B, the expression of the
Isochrysis D9-elongase results in the accumulation of C20 elon-
gation products in the acyl-CoA pool. These two products
(20:2, 20:3) represent in excess of 40% of the total fatty acids
present in the CoA pool, and presumably result from ineﬃ-cient utilisation of these two non-native fatty acids by the
endogenous Arabidopsis acyl-exchange systems. This is in con-
trast to the levels of these two elongation products in total
fatty acid extracts, which are <8% of total (Fig. 3). The D8-
desaturation products of these C20 elongation products are
also detectable in the acyl-CoA pool (Fig. 4C), although these
are signiﬁcantly lower (<20%) than observed for their sub-
strates. However, the total level of C20 polyunsaturated fatty
acids (i.e. elongation and desaturation products) in these dou-
ble transgenic lines is similar to that found in the parental
CA1-9 elongase single transgenic line (cf. Fig. 4B and C).4. Discussion
Whilst it is generally considered that the D6-desaturase/
elongase pathway is the predominant biosynthetic pathway
in most LC-PUFA accumulating organisms, the presence of
additional routes continues to emerge. For example, an anaer-
obic, polyketide system was characterised in the marine protist
Schizochytrium, even though closely related members of the
Thraustochytriidae are known to synthesise LC-PUFAs by
conventional aerobic desaturation and elongation [21]. In
terms of the alternative D9-elongase/D8-desaturase pathway,
prior to this study only two organisms had been shown at
the molecular level to contain genes encoding this pathway.
These were Isochrysis and Euglena, both photosynthetic aqua-
tic microbes [11,12]. In that respect, the identiﬁcation reported
here of a C20 D8-desaturase from the free-living soil amoeba A.
castellanii represents the ﬁrst conﬁrmation of the presence of
this pathway in non-photosynthetic organisms. Given the
ongoing debate as to the presence of the alternative pathway
in animal cells [8–10], our observation may be of signiﬁcance.
The deduced amino acid sequence of the A. castellanii D8-
desaturase revealed thatwhilst the three histidine boxes conform
to the consensus normally found in LC-PUFA cytochrome b5-
fusion desaturases, the H-P-G-G motif does not [15,22]. This
is the ﬁrst report of a cytochrome-b5 fusion desaturase which
has amodiﬁed formof thismotif.We veriﬁed the presence of this
variant motif in the Ac8 sequence by several independent RT-
PCR amplications from diﬀerent templates, and always recov-
ered the variant form of the motif. In addition, site-directed
mutagenesis was used to convert Ala44 to Gly, to restore the ac-
cepted consensus; this resulted in a twofold increase in activity
towards n  6 substrate, but no eﬀect on the activity towards
n  3. The basis of this altered substrate-preference is unclear,
though this may represent a role for the cytochrome b5-domain
in this process; this domain has also been shown to be important
for physical interactions with microsomal cytochrome b5 [23].
Overall, the activity of either Ac8 or Ac8M was comparable to
that observed for theEuglenaD8-desaturase [11].Whilst it seems
likely that the N-terminal region of Ac8 functions as a cyto-
chrome b5-like electron donor (as has been hypothesised for
other members of the fusion desaturase family [14,15,22]), this
remains to be demonstrated. However, other N-terminal cyto-
chrome b5 fusion enzymes distinct from front-end desaturases
do show heterogeneity in their requirement for this domain
(e.g. the FAH1 sphingolipid hydroxylase) [24].
Expression of theAc8ORF inyeast conﬁrmed its function as a
C20 D8-desaturase capable of desaturating both n  6 and n  3
C20 substrates. This is in agreement with the data of Wallis and
Browse regarding the expression of theEuglenaD8-desaturase in
min38 40 42 44 46 48
20:0
22:2
18:0
20:2 11,14
ISTD 17:0
18:1
20:3 11,14,17
16:0
20:3 8,11,14
18:214:0
18:3 20:4 8,11,14,17
14:0
18:3
18:2
16:0
20:3 11,14,17
18:1
ISTD 17:0 20:2 11,14
22:218:0 22:3
20:0
min38 40 42 44 46 48
min38 40 42 44 46 48
ISTD 17:0
14:0
18:2 16:0
18:1
20:0
18:0
18:3
20:116:1
B CA1-9
C CA1- 9 + Ac8
A WT
Fig. 4. Acyl-CoA proﬁles of transgenic Arabidopsis. Acyl-CoA proﬁles of Arabidopsis leaves from WT (A), CA1-9 (B) and CA1-9 co-expressing Ac8
C20 D8-desaturase (C) were analysed by HPLC. The C20 elongation products (20:2, n  6 and 20:3, n  3) are present to high levels in lines expressing
the D9-elongase (B,C). Additional minor peaks representing the D8-desaturation of these C20 elongation products is seen in lines co-expressing the A.
castellanii D8-desaturase; in the case of 20:3, (n  6), this co-migrates with 16:0 and forms a shoulder as arrowed. The internal standard (Istd) is 17:0
acyl-CoA.
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double bond [11]. Functional characterisation of the Ac8 D8-
desaturase in transgenic plants was facilitated by the use of
pre-existing lines expressing the alternative pathway Isochrysis
D9-elongase, resulting in the in vivo synthesis of substrates for
the desaturase [18,19]. In the absence of this elongating activity
no desaturation products were observed when the Ac8 desatur-
ase was expressed in transgenic Arabidopsis plants (data not
shown). The accumulation of C20-D8-desaturated fatty acids
in the IgASE1/Ac8 lines demonstrated the feasibility of using
this desaturase in transgenic plants expressing the alternative
LC-PUFA biosynthetic pathway, and resulted in levels of
20:3, n  6 and 20:4, n  3 similar to that observed previously
with the Euglena desaturase [19]. Of perhaps equal signiﬁcance
was the observation that transgenic lines expressing the Isochry-
sis D9-elongase contained high levels of C20 acyl-CoAs, regard-
less of the presence of the Ac8 desaturase. Such C20 acyl-CoAs
may reﬂect the ineﬃcient exchange of these non-native fatty
acids intoArabidopsis lipids, and this represents a potential bot-
tleneck in the heterologous synthesis of LC-PUFAs in trans-
genic plants. In lines expressing both the elongase and the Ac8
desaturase, acyl-CoAs representing the D8-desaturation prod-
ucts were detected, but these were at lower levels to the accumu-
lating precursors. Given the diﬀerences in substrate:product
ratios for either the total fatty acids or acyl-CoAs, this may indi-cate that theA. castellaniiD8-desaturase uses glycerolipid-linked
substrates [2].
In conclusion, we have identiﬁed and functionally character-
ised the ﬁrst example of a C20 D8-desaturase from a non-pho-
tosynthetic organism, the amoeba A. castellanii. In addition,
we have demonstrated that this enzyme has potential for the
heterologous production of LC-PUFAs in transgenic plants
and also identiﬁed a new bottleneck in this pathway.
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